Lesser African threadfin (Galeoides decadactylus) is a nutritious marine fish, popular and widely used for drying-fermentation. The present work aims to evaluate the nutritional and microbiological quality of dried-fermented Lesser African Threadfin, currently used in food preparing in southern Benin. Four major sites of drying-fermentation fishes in southern Benin were investigated and dried-fermented Lesser African Threadfin was collected for quality control. Results indicated that the dried-fermented fishes were good sources of nutriments with a moisture content ranging from 44.62% ± 0.68% to 55.33% ± 0.23%. Proteins contents are ranged from 15.26% ± 0.32% to 22.95% ± 0.71%. All samples analyzed were rich in minerals such as magnesium, phosphorus, iron, with a higher content of calcium (1.23% ± 0.52% -1.69% ± 0.38%). Statistical analyses showed significant difference (p < 0.05) between samples analyzed. Microbiological analyses revealed that the total flora count of samples ranged from 1.4 × 10 2 to 8.0 × 10 4 ufc/g. The enumeration of total coliforms and fecal coliforms indicated that samples were contaminated with enteric bacteria. The spores of anaerobic sulfite reducer's and Staphylococcus aureus counts were less than 10 cfu/g with an absence of Salmonella spp. Based on results from the present study, microbiological standards must be put in place during the process of dried-fermented fishes. Then, it's advisable that relevant quality control unit should be reactivated to assess the quality of ready-to-eat food, and particularly the fermented fishes in other to protect consumer's health.
Introduction
The lack of animal protein in the human diet is one of the most characteristics of developing countries. This protein deficiency, particularly, affects children. Fish and fish products have an important place in the diet of the people of West Africa [1] . In Republic of Benin, fishing has an important place in the national socio-economic balance as it sustains some 500,000 people and accounts for 3% of GDP [2] . However, the conservation of fish is very difficult due to the lack of adequate conservation system and post-harvest losses are estimated at about 20% [3] . To overcome this problem, the fermentation of fish is the one of usually method of preserving fish in Benin, and is still made in the traditional way [4] . Generally, Food fermentation is the study of microbial activity, usually anaerobic, on suitable substrates under controlled or uncontrolled conditions resulting in production of desirable foods or beverages that are characteristically more stable, palatable and nutritious than the raw substrate [5] . In Benin, fisheries produce fermented fish from some fish species. During the production, producers get losses of products because of unpleasant practices and uncontrolled phenomena [4] . Over than one hundred species of fish lived in marine waters under Benin jurisdiction and fish biomass was estimated by CECAF (Fishery Committee for the Eastern Central Atlantic) in 1988, at 9660 tons of pelagic fish and about 6000 tons of demersal fish. Among demersal fish species are the Lesser African Threadfin (Galeoides decadactylus). Its post-harvest losses are very important because of the very soft nature of its fleshes. Various treatments are performed to reduce these losses. The fermentation and drying to produce the "lanhouin" is one of the control strategies of loss reduction currently used in Benin [4] . The "lanhouin" is the salted, fermented and dried fish usually consumed in southern Benin. This process is still artisanal and the presence of flies and other insects during the process could lead to the presence of undesired pathogens microorganisms and can also affect the nutritional value of the product. Then the present work aims to evaluate the microbiological quality and the nutritional potential of the fermented-dried Lesser African Threadfin (Galeoides decadactylus) during the process.
Material and Methods

Sampling
Four sites of fish drying-fermentation localized at Avlekete, Meko, Akpakpa-dodomè and Cotonou (Artisanal Fisheries Port) were investigated (Figure 1) . Site selection was done taking into account both the presence of large processors and secondly the fact that these sites represent the large areas of fish drying-fermentation in southern Benin. In addition, the Lesser African Threadfin is one of the most species fish treated on these sites. In each site, five process points were chosen and one (01) kilogram of Lesser African Threadfin dried-fermented was collected. The sampling was performed under aseptic conditions: sterile latex gloves are used to protect hands during the sampling; fish samples are collected and packaged in sterile bags and packaged in a portable cooler. The entire sampling equipment is sterilized beforehand with alcohol at 90˚C. Samples were sent to the laboratory for the microbiological, physiochemical and nutritional analyses.
Microbiological Analysis
For microbiological analysis, 25 g of each sample and 225 ml of peptone water was added and homogenized. From the initial concentration, appropriate decimal dilutions were prepared and aliquots were plated in duplicates on various media. Plate count agar was used for the total bacterial count. Plates were incubated at 30˚C for 72 h. Desoxycholate was used for the total coliforms count and plates were incubated at 30˚C for 24 h. Desoxycholate was also used for the faecal coliforms count. In this case, plates were incubated at 44˚C and the identification 
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was made using Eosine methylene blue (EMB) medium. Tryptone sulfite neomicin agar was used for anaerobic sulfito-reducer (ASR) count, and tubes were incubated at 37˚C for 24 h. Staphylococcus aureus count was performed as described by the standard NF EN ISO 6888-1. The method used for detection of Salmonella spp. is that specified by the standard NF V 08-052. After incubation, the number of colonies was tracked, using a colony counter. The number of bacteria expressed as Colony Forming Units per gram (CFU/g) was then determined by calculation, bearing in mind the factors of dilution. All media used for microbiological analysis were prepared as indicated by the manufacturer.
Determination of Physicochemical Parameters
Moisture content of samples was determined by desiccation using the method of De Knegt and Brink [6] . A clean platinum dish was dried in an oven and cooled in a desiccator and weighed. From each sample, 5 g was weighed and spread on the dish, the dish containing the sample was weighed. It was then transferred into the air oven at 105˚C to dry until a constant weight was obtained and the loss in mass was determined.
Nutritional Analysis
Protein was analyzed by the Microkjedhal nitrogen method. Minerals were analyzed by the method reported by Oshodi [7] . Ash was determined according to the standard methods described by the Association of Official Analytical Chemists [8] . Minerals were analyzed by dryashing 1 g of the sample at 550˚C in a furnace. The ash obtained was dissolved in 10% HCl, filtered with filter paper and made up to standard volume with deionised water. Flame photometer was used to determine phosphorus content of the samples, while calcium, iron and magnesium were determined using atomic absorption spectrophotometer (Perkin Elmer, Model 403).
Statistical Analyses
The data generated from these studies were analyzed using Statistical Analysis Software (SAS) and SYSTAT 5.05. The statistical analyses carried out were mean and standard deviation and analysis of variance (ANOVA) [9, 10] .
Results and Discussion
The results of physicochemical and nutritional characterization of different samples of dried-fermented fishes (Table 1) showed that the moisture content of different samples ranged from 44.62% ± 0.68% to 55.33% ± 0.23%. The dried-fermented fishes collected are rich in nutrients such as proteins (15.26% ± 0.32% -22.95% ± 0.71%), ash (22.09% ± 0.57% -29.43% ± 0.61%). All samples analyzed were rich in minerals such as magnesium (0.59% ± 0.01% -0.06% ± 0.02%), phosphorus (0.72% ± 0.01% -1.14% ± 0.07%), iron (0.29% ± 0.02% -0.39% ± 0.01%), with a higher content of calcium (1.23% ± 0.52% -1.69% ± 0.38%). Statistical analyses showed significant difference (p < 0.05) between samples analyzed. Microbiological analyses revealed that the total flora count of samples ranged from 1.4 × 10 2 to 8.0 × 10 4 ufc/g. The enumeration of total coliforms and fecal coliforms indicated that samples are contaminated with enteric bacteria. The spores of anaerobic sulfite reducers count and Staphylococcus aureus count was less than 10 cfu/g with an absence of Salmonella spp. ( Table 2) .
The results of the proximate composition revealed that Lesser African Threadfin (Galeoides decadactylus) dryed-fermented are good source of proteins and minerals such as magnesium, phosphorus, iron, and calcium. Protein content is less than those reported by DossouYovo et al. [4] in Pseudotolithus senegalensis (Cassava croaker) and Scomberomorus tritor (Spanish mackerel). These differences could be due to the protein content of these fishes before their fermentation. In fact, according to Dossou-Yovo et al. [4] , the biochemical characteristics of Lesser African Threadfin (Galeoides decadactylus) was protein (20.4%), lipid (1.4%) and minerals (12.0%). This protein content of fresh fish was similar to those obtained in the dried-fermented fish. However, minerals content of dried-fermented fish is higher than those reported in fresh Lesser African Threadfin. Statistical analyses also revealed significant difference in the nutritional content of the dried-fermented Lesser African Threadfin depend on the sampling sites. This different could be due to the variability observed in the process of driedfermented fish, mainly during fermentation and sun drying durations (Figures 2 and 3) . These results indicated that the fermentation of fish may contribute to upgrade its nutritional value and the bioavailability of nutrients. Based on its nutritional potential, Lesser African Threadfin dried-fermented can use as ingredients for making infant flour is an interesting alternative that it should help to diversify infant complementary feeding. Indeed, infants and young children are often regarded as two particularly vulnerable groups in terms of food safety. Furthermore, the requirements for essential nutrients due to rapid growth and development put these groups at risk of deficiencies of essential minerals. It is therefore essential that products intended for use by infants and young children contain minerals in amounts that satisfy their nutritional requirements without leading to adverse effects. Minerals are important in human nutrition. It is well known that enzymatic activities as well as electrolyte balance of the blood fluid are related to adequacy of Na, K, and Mg. Potassium is very important in maintaining the body fluid volume and osmotic equilibrium. Metal deficiency syndrome like rickets and calcification of bones is caused by calcium deficiency. The high values of calcium, phosphorus, and magnesium indicated that Lesser African Threadfin dried-fermented can play a vital role in the development of bones, teeth, co-factor in enzymatic reaction, nerve impulse transmission and as a clotting factor [11] . The consumption of these fermented fishes will also help to alleviate symptoms of magnesium and zinc deficiency such as weakness, cardial arrhythmia, poor growth, impairment of sexual development. Several studies on nutrition in developing countries have shown that adequate nutrient intake (daily calories, daily protein, daily fat, minerals and vitamins) is an essential ingredient for improved well-being, economic growth and development, since a healthy body enhances the capacity to learn which in turn determines productivity and economic growth [12] .
Results obtained from microbial analysis of driedfermented Lesser African Threadfin showed that they were contaminated with microorganisms. The high total bacterial and coliform count may be a consequence of the low level of hygiene maintained during the processing. This includes the handlers, quality of ingredients used for dressing and the utensils. During the sale, dirty hands are dipped into the bowl for product selection by both hawkers and consumers. The exposure of products while they were displayed for sale can serve as source of contamination. The detection of coliforms may indicate poor hygienic practice among handlers of products. Moreover, the contamination of the dried-fermented Lesser African Threadfin, could be also in relation with the previous quality of the fishes before their procession. Indeed, human activity causes the production of wastewater discharged daily in nature. This rejection of raw sewage in natural environments is a common practice in most developing countries. Brought into direct contact with the receiving environment, raw sewage generates adverse effects including: a nuisance due to the stagnation of these waters and the release of offensive odors disturbance of the ecological balance of the natural environment, especially the pollution of surface water and groundwater and microbiological health risk or parasitic contamination [13] .
Due to the significance of the faecal-oral route transmission for many bacterial food-borne diseases, basic hygiene measures assume a decisive importance in food safety management [14] . Great attention should therefore be given to the microbiological safety of these products because their direct consumption may cause health hazard to the consumer. Similar results were found on the other street foods. The germs most identified in these foods are mainly staphylococci and enteric bacteria. According to FAO/WHO [15] , epidemiological data in hospital showed a prevalence of 19% of diarrheal disease worldwide and bacterial diarrhea was estimated between 20% and 70% of cases. The causes were related to poor hygiene found in the assessment of hazards and identification of critical points in the food processing chain [16] . In Africa, several studies on street food showed that their hygienic quality is very poor and this is a clear risk on the health of consumers [17] . These precarious hygiene conditions promote the risk of fecal contamination and therefore the recurrence risk of food borne illness. Based on these results, despite the high nutritional potential of Lesser African Threadfin dried-fermented, more attention (in the process and storage methods) should be paid to its microbial quality in order to preserve consumers' health.
Conclusion
This survey underlined the nutritional potential and the risk of contamination of Lesser African Threadfin dryedfermented. Microbiological standards have not been put in place during the process. Then, it's advisable that relevant quality control unit should be reactivated to assess the quality of ready-to-eat food, and particularly the fermented fishes.
